THE possibility of producing an experimental psychosis is naturally limited in human beings. Drugs like mescaline and hashish have been used for this purpose because of the striking "positive" symptoms they produce; psychiatrists have made observations on the effect of aniesthetics like ether, nitrous oxide or sodium amytal. The knowledge won from these experiments can scarcely be compared with the wealth of facts on hypoglyciemia accumulated since Sakel introduced the daily repeated hypoglycaemic coma as a therapeutic procedure almost ten years ago. His bold method only.yields therapeutic results if the hypoglycaemia is of such a degree that serious cerebral symptoms appear. This gives to the physician practising insulin treatment the opportunity of observing the same patient for weeks under identical conditions. Since the Vienna school published the first descriptions of unusual neurological phenomena, much data on symptoms and pathology have been collected by workers all over the world. The field is already so large that it is not easily surveyed in a short paper, the more so as many points are still controversial, and I propose, therefore, confining myself strictly to personal observations and problems in which I took special interest. The idea of our investigations as well as of the present survey, is a better understanding of hypoglycaemia, its therapeutic action in psychoses and, if possible, improvement in our results.
the brain of its fuel. Biochemists have called this starvation of the brain anoxia. They use this term in a wide sense meaning not only lack of oxygen supply but any interference with oxidation. It may result from either deprivation of oxygen or absence of glucose available for oxidation. The following diagram of brain oxidation, omitting factors unimportant in this connexion, may illustrate this point.
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Haemochrome being a pigment found in all nerve cells, has a somewhat similar function to hiemoglobin in blood. Glucose is oxidized when it reacts with the oxidized hiemochrome. Glucose is practically the only food supply of the C.N.S. and consequently one can say that the oxidation of glucose is the chief biochemical function of the nerve cell. The resultant symptoms and other consequences of the anoxia may well differ according to which part of the oxidation process is interrupted. It seems remarkable that the two other therapeutic methods which prove successful in psychotic conditions, continuous narcosis and convulsions, also interfere with cerebral oxidation, though in a different manner and probably in different areas of the brain. Viewing the three physical treatment methods together and forgetting their theoretical origin, one can conceive a plausible hypothesis and a fruitful rationale of these therapies. The transient and reversible lowering of cell oxidation during therapy has a rebound effect on the metabolism of a brain the cells of which are functioning abnormally because of an unknown factor causing the disease. To bring about a lasting improvement, this rebound effect has to be repeated or-in the case of continuous narcosis-the period of lowered oxidation has to be extended for some time in order to be followed by an effective overshooting from which the normal level is ultimately restored (Gerard, 1938) .
Blood sugar and symptoms-The clinicians describing hypoglycoemic svmptoms in diabetics (Sigwald, 1932; Wilder, 1936) had no doubt that their severity was dependent on the level of blood sugar. When psychiatrists began to produce deep comatose conditions which were regarded as alarming in the treatment of diabetics they soon discovered that the blood sugar level was not a reliable indicator of the depth of unconsciousness and of the danger involved. It was often found higher during the coma than it was before the patient became completely irresponsive to stimuli. The blood sugar falls within the first hour after injection of insulin to a level between 25 and 45 mg.% and, with slight fluctuations, stays at this level until interruption by nasal feed. The fall is not accompanied by symptoms until the blood sugar has been low for some time. They then increase gradually and in the classical procedure coma, the degree of unconsciousness which is regarded as therapeutically effective, does not set in until at least another hour has elapsed. On the other hand raising the blood sugar level by intravenous application of glucose solution brings the patient out of the coma at once and restores consciousness within a few minutes.
These paradoxical observations have been widely discussed and many explanations proposed. One worker went so far as to doubt if hypoglycaemia was the primary cause of the psychological picture and to suggest a hypothetical intermediary substance as the direct causative factor. Others alleged the sugar content of the C.S.F. to be closely correlated to the nervous symptoms and considered it a better indicator of the patient's condition than the blood sugar level.
One of the difficulties in this controversial field is the generally recognized but not always heeded fact that the stimulus of the pin-prick in taking a specimen can in itself raise the blood sugar level in a patient under insulin, perhaps more so than in an average person. Everything depends upon a meticulous technique and careful parallel observations on the part of the clinician.
A long series of investigations in a patient who is pricked every half-hour must necessarily give a distorted curve. It seems well established that during coma blood sugar fluctuations within a certain range have no direct relation to clinical symptoms, but this is different before the onset of coma when the patient is still wakable and the degree of dimming of consciousness varies much more. We found that these variations are in fact closely correlated to blood sugar fluctuations, that it rises when the patient is awakened and goes down if he becomes clouded again. That this correlation ceases with the onset of coma can best be explained by a theory which assumes that the mechanism of the precomatose clouding of consciousness has a different localization in the brain from that of the coma. The latter is probably due to a trigger mechanism localized subcortically, perhaps in the diencephalon, while the former is a reaction to the blood sugar level of the cortex which as proved experimentallv is more sensitive to variations of glucose supply than any other part of the brain.
C.S.F. sugar and symptoms.-The C.S.F. sugar level is somewhat higher than the blood sugar and follows the fluctuations of the latter with a time lag of fifteen to thirty minutes in insulin treatment as it does under normal conditions. Because of this time lag it was always found relatively low when taken at the same time as the blood sugar which was increased through the stimulus of the lumbar puncture. When this was taken into account and the specimens timed accordingly, the C.S.F. sugar proved to be a much less reliable indicator of clinical symptoms than the blood sugar level. Twenty minutes after an intravenous glucose injection which pushed the blood sugar up to over 200 mg.% and awakened the patient completely, we found the C.S.F. sugar almost at the same level as before the glucose injection.
Clinical picture.-If I now describe and discuss the symptoms of hypoglycxmia, it may be objected that the observations are gained from patients suffering from a mental illness; in our material the majority were schizophrenics, the others manic-depressives and a few psychopathic personalities. The answer is that identical symptoms were seen in diabetics before psychiatrists used insulin. Further the great variety of symptom-complexes comprised under the heading schizophrenia makes abstraction from the basic abnormalities of the patient relatively easy. Moreover some brave colleagues in Switzerland and Germany have undergone the experience themselves and contributed interesting self-observations.
The most characteristic signs of the hypoglycaemic psychosis are a combination of clouding of consciousness with excitation of the autonomic nervous system. Loss of consciousness followed by amnesia is not only found in the more severe states produced in insulin treatment; Sigwald mentions amnesia as a universal symptom of the various pictures in milder hypoglycaemia in diabetics. Clouding sets in without the patient being aware of it, similar to anoxia where the lack of insight may lead to dangerous situations if happening to a pilot in an aircraft. The feeling of extreme fatigue with sleeplessness so characteristic for insidious oxvgen deprivation seems unknown in hypoglycaemic anoxia. Many patients sink into hypoglycaemic unconsciousness without waking up from the preceding normal sleep. In some cases one hears descriptions of changing colours, glittering lights, or paraesthesia around the mouth in this stage. Little of this period is remembered after the waking up from coma or later. Most patients feel hot and perspire before they lose consciousness. There are no dreams or nightmares even if at the beginning of treatment the doses are too small to produce coma. Complete amnesia covers the various often striking motor symptoms. During the waking-up period, however, after dispensing of sugar, consciousness often returns before other symptoms disappear, and in this stage, which is well remembered, interesting subjective experiences are not infrequent.
Self-observation.-The following self-description of a doctor patient illustrates some of the typical features: I write to-night, at ten minutes past nine o'clock of my impressions, and sensations on recovering from a hypoglycaemic coma into which I entered this morning. I remember lying down in bed when I had received the injection of insulin and also the orderly taking my pulse-rate twice, at intervals. I remember nurse coming in later and I gave him the magazine "Life" to read. That was the last recollection I have, previous to coma.
The next happening that I remember is waking up and sitting up in bed at ten minutes past ten o'clock. I asked the nurse who was looking at the charts the time. I felt very wide awake and asked if I could have a drink of glucose as I was intolerably thirsty and had a craving for a sweet drink. Sister looked in at the door just at that moment and said that I could not have a drink just then but I would be given one later. I must have suddenly gone into coma immediately after this as I do? not remember anything until I heard very distantly the voices of the doctor and sister. I do not now remember what they were saying. I saw the doctor's and sister's faces. Doctor asked me repeatedly if I was awake and slapped me lightly on the left cheek, as he usually does when I am recovering from a coma. I could not speak and I felt very helpless and confused mentally. The next recollection I have is of the nurse',s white worried face with its distended temporal arteries and forehead veins looking down at me and asking me if I was all right. He asked me this question two or three times but I could not answer him. He felt my pulse and arranged the bed-clothes rapidly-very rapidly-it seemed to me, two or three times. I was conscious of a tremendous effort I seemed to be making to avoid slipping into a land which was different from that of the nurse's, as being a land or "life" of no movement. The nurse seemed to me to be making also a terrific effort to help me, to bring me back to his life. I felt fully conscious of this intensive andi combined effort and strove or seemed to strive with all my powers to drag myself back from this abyss of "no movement". I do not recollect moving my limbs, on the contrary I seemed to be paralysed in my voluntaTy movements. After a long struggle in which at times I thought that I could not make the effort any longer, I found that I could speak and I felt an overwhelming sense of gratitude to the nurse whom I hailed as my "saviour". I had an intolerable thirst, and also felt very hungry. I asked the nurse for sweet drinks and he brought me a glass of tea and sandwiches of which I ate three or four. I insisted on the nurse having a sandwich which he did to please me. I also insisted that he should have a drink, but he replied that he would have one later. Sister came in then and I discussed the question of glucose and its relation to obesity. Four characteristic points in these recollections deserve more detailed discussion.
(1) Stage of "akinetic mutism". The patient sees and hears, but is unable to speak or to move. This condition is more often observed objectively than remembered by the patient; it occurs on going into coma, lasting often for half an hour, as well as during the waking period. The patient follows with his eyes slowly, seems to look at the person approaching him, but remains mute and without movement. If touched or pricked he moves purposefully in small movements away from the stimulus. Since Cairns and his collaborators (1941) have reported a similar condition in a girl with a cyst in the hypothalamic region I tried to get an account of subjective experiences in this akinetic state by rousing the patient quickly with intravenous glucose. The descriptions received were not conclusive, and were reminiscent of what one hears from some patients coming out of a catatonic stupor. Some say they did not realize that they were akinetic' one that he did not care to move, another that he felt too weak and still anotheri he found it impossible although he tried hard to respond. The condition may be compared with what Economo described as "body sleep" in encephalitics.
(2) Sensory anomalies. The majority of the visual sensations are similar to those observed in falling asleep or in other states of clouded consciousness (Benedek and Angyal, 1939) . One of the rarer sensory anomalies was our patient's -observation that the nurse's movements when arranging the bed-clothes appeared to him very rapid. This phenomenon of increased speed of seen movements was described by Poetzl (1928) in a patient with an occipital lesion and called "quick motion picture illusion". A number of identical observations have since been reported, most of them in hypoglycaemia (Weil, 1941) . Against Poetzl's theory suggesting an insufficient co-operation of timing between the two hemispheres, it has to be remembered that our patients often have staring eyes and little movements of the eyeball. Physiologists have shown how much our judging of the speed of movements depends on our eye movements following the moving object, and recourse to a central disturbance therefore seemns unnecessary.
Skin sensations and disturbances of the "body image" although not mentioned in the doctor's self-description are numerous and often most peculiar in character. They deserve special study in the light of sensory physiology. For instance one of my patients regularly described what she called "a cardboard feeling" of her body which was "lifeless and flat without thickness". Shq felt life and solidity return from the feet upwards. Another patient described "pins and needles" in his legs, felt not in the skin itself, but at a distance of about an inch outside the skin.
(3) The struggle for consciousness. Many patients speak of the enormous effort they are making to drag themselves back to reality. Our doctor projects this to the nurse in whose face he believes he sees the same exertion he himself is experiencing. This effort to pull oneself out of the grave, away from the dark, is sometimes expressed in dreams and fantasies; a young man described it as "a fight with the devil", he had to make his way "through different stages against the powers of darkness like Dante's journey through the circles of hell". A more gober-minrded curate of the Church of England had to count the lights in the room and make sure that they were all present and fixed at the right places in order to convince himself that he was alive in the same world as before.
(4) This struggle is followed, as in the doctor's descriptions, not only by a feeling of relief but by happiness, elation and sometimes by a euphoric over-valuation of the patient's mental and physical faculties. A fellow-feeling with the other patients, with everything and everybody, and expressions of overflowing sympathy are frequent. As one would expect the opposite sometimes occurs, viz. a feeling of strangeness, of inability to get in touch with reality which appears distant and inaccessible. In three cases derealization lasting for several hours after the treatment was encountered.
If one considers the struggle for consciousness during awakening together with the psychological picture of akinetic mutism one is tempted to speculate about the role played by the cortex in hypoglycaemia. It is the first to be affected by the withdrawal of fuel, but it seems that when the abundant supply of glucose is returning in the bloodstream recovery does not follow in the reverse order, but instead the lower centres return to function later. The cortex with its rich vascularization seems to recover first and the restored consciousness looks on as the spectator trying to help the restitution of motor and sensory normality.
Signs of auttonomic excitation.-Signs of a heightened excitation of the autonomic nervous system accompany hypoglyciemia from its beginning to its end and are as characteristic as the disturbances of consciousness. Perspiration, dermographia, flushing and paleness, changes in the size of pupils, in pulse pressure, increased secretion of saliva, of tears and of gastric juice are present in every case. If one directs one's attention on the autonomic symptoms one may be tempted, as Fortuyn (1941) suggested, to consider hypoglycaemia as a disturbance of the hvpothalamic autonomic centres, regarding all other symptoms as secondary. Although both divisions of the autonomic system shovw increased activity throughout, the facts can best be understood as the result of the struggle of the sympathetic-adrenal mechanism against the parasympathetic effect of insulin. The counter-action of the adrenal medulla against insulin, first discovered by Cannon in 1924, is strongest in the precomatose stage, but it continues in coma when, judged from the pupillary findings and from the pulse pressure, parasympathetic tone gains the upper hand. These humoral manifestations of hypoglvcaemia have naturally attracted the interest of many workers, especially as they provide an alternative theory to explain the therapeutic results of the treatment. Are they only peripheral reactions or do they signify an excitation of the diencephalon following reduction of cortical control? Systematic temperature observations carried out in collaboration with F. Berliner have demonstrated that a direct effect of hypoglycaemia on the hypothalamus is probable. We are still far from a full understanding of the interaction of periphery and centre in this field, and the relations between cortex and hypothalamus in hypoglycaemia remain obscure.
Motor symptoms.-The discussion of the striking motor symptoms in hypoglyciemia has been left for the last part of this survey because they are the most variable and least constant symptoms. Approximately 5 % of our patients had no spontaneous motor signs at all except for general muscular rigidity occurring together with pyramidal signs during coma. They pass from sleep into coma, exhibiting only the movements of a normal sleeping person. Others show motor excitement from the beginning, starting with movements of the mouth and face, followed by rhythmic movements of the head and arms, later spreading to the whole body, which is seized by an extensive and severe restlessness. One sees rolling, turning, rocking, kicking movements resembling chorea and athetosis, and myoclonic twitchings of the extremities which increase and may involve the whole patient sometimes culminating in an epileptiform fit. As a rule the patient becomes quiet when he goes deeper into coma, but his muscles are in what can be called decorticate spasticity and remain so throughout the hour of coma; restlessness reappears during the waking-up period.
This description becomes less complex if it is realized that each patient has his individual pattern of movements repeated in a constant order every day. This predilection pattern has nothing to do with the underlying schizophrenic condition. The mouth movements reminiscent of grimacing catatonics are seen in patients who never had catatonic symptoms, in obsessionals and psychopathic personalities. Individlual differenzces. It is difficult to account for the individutal differenices in motor svmptoms which are completely unconscious and caused by the functional and reversible interference with cerebral function. A clue to the differences may be obtained from the fact that the pattern of movement when the patient goes into coma is often different from that of the same patient when he wakes up. Not only is the hyperkinetic waking-up stage, as one would expect, much shorter, but the symptoms can be totally different in character. In one part of the film to be shown a patient goes into coma with general twitchings similar to those provoked by short electric stimulations of the cortex; the same patieint wakes up with complex, co-ordinated climbing movements. As the insulin effect acts much slower in disturbing cerebral function than the overflow of dextrose in the blood in restoring it, it may well be the difference in time which produces the completely dissimilar symptoms. The importance of the time factor can also be seen by comparing the symptoms in the same patient if insulin is given intravenously instead of subcutaneously. Many authors have recommended the intravenous method in cases presenting a difficult nursing problem because of their extreme restlessness, as the quicker action of intravenous insulin shortens or may even abolish the hyperkinetic interlude. If the time factor is responsible for the disparity of individual symptoms, systematic investigations comparing the same patient's reactions after intramuscular with those after intravenous insulin injections should be clarifying. We found indeed not only quantitative differences, but qualitatively different patterns of symptoms.
By elucidating the influence of the time factor in our experimental psvchosis, some light should be thrown on the difficult problem of the multiformity of neuropsychiatric symptoms in other functional diseases.
Localization-. In attempting to localize the more complex hyperkineses, it is important to note that they appear either on the way to the stage of decortication in coma, or while the brain is returning to normal function from this stage. The movements can, therefore, be interpreted as release symptoms from removal of higher cortical control. For their explanation in detail we would have to know more of the vulnerability of the different parts of the brain to hypoglycamic anoxia.
There are certain groups of movements in which the idea of stimulation in a functional unit can serve as a fruitful hypothesis. Thus movements of the mouth and face which are the first signs of beginning hypoglycaemia appear simultaneously with perspiration, which is the signal of starting autonomic hyperactivity, this while the rest of the body is still relaxed and unaffected. The picture of pursing, pouting, sucking, protruding of the tongue, &c., are certainly reminiscent of the movements of the newborn infant during the first few months of life before the cortex is developed and functioning. Nevertheless, they may be signs of irritation in a certain small area of the cortex. I doubt if they can be localized in one of the many levels where the components of the feeding reflex, sucking, chewing. swallowing, &c., are integrated. Probably all levels connected with the function of feeding are activated at the same time. If, however, one tries to give such a patient a drink, he is unable to take it because the separate movements are not co-ordinated, probably on account of the partial cortical impairment. At the same time the facial region is found hvpersensitive to touch. The obvious interpretation of this oral syndrome appearing so early in hvpoglycamia is to be found in the state of starvation produced by insulin. The starving organ, the C.N.S., reacts with excitation of those of its parts which normally subserve the removal of such an emergencv. Thus the activity of a functional unit of the C.N.S., not the disturbance of a certain level releasing lower levels, produces the special hyperkinesis.
It is probable that another frequent syndrome characterized bv climbing movements can be interpreted in the same way. This syndrome appears at a later stage of hypoglycemia when decortication has progressed further. Climbing movements are always combined with reflex grasping of the hands and fingers, and sometimes of the toes.
Alternating movements of the arms or feet appear first. Later the arms reach above the head, the bodv is doubled up, and, if possible, the patient pulls himself headwards. If fully developed, the climbing syndronle also includes the arc-de-circle posture alternating with flexion of the bodv. All these movements remind us of our tree dwelling forebears. One is also reminded of kicking and related movements of the young infant; again the grasping of the human infant has been interpreted as a relic of the stage when the feeding young ape had to hold on to the mother's hairy breast. The reference to phylogenesis is particularly legitimate here because of the striking similarity of the above posture and movements with " congenital athetosis ". 0. Foerster (1921) has given a classical description of the motor behaviour of these athetotic patients and the illustrations in his article have remarkable resemblances to what is seen in hypoglycaemia. Foerster's theory that the inability of his patients to sit, stand or walk, and their grasping and climbing movements are a regression to anthropoid or simian forms of behaviour fits even better to the hypoglycxemic hyperkinesis because the movements here are much more dextrous and adroit. The site of the lesion in congenital athetosis is the striatum which normally controls the phylogenetic older pallidum. Before this control is established the human infant is a grasping climbing pallidum-preparation. The patient with " athetose double" remains so all his life because his striatum does not mature Hypoglycaemia produces a regression to this stage by means of a reversible disturbance, obviously because the pallidum is more resistive to hypoglycaemic anoxia than the striatum.
That the climbing movements in hypoglycoemia are more dextrous is, howev-er, an important difference: Motor behaviour of athetotic patients and of the newborn infant consists mainly of clumsy mass movements lacking in refinement and nimbleness; in comparison the hypoglycoemic hyperkinesis appears graceful and differentiated and is certainly not a mass movement. This points to the motor cortex which is evidently not completely out of function. It has with the loss of consciousness given up its leading and directing role, but it takes part in the functional unit of grasping and climbing as it probably does in the oral-facial syndrome.
I thankfully acknowledge the advice and criticism of Dr. P. K. MIcCowan, Phvsician Superintendent of Crichton Royal.
[The paper was followed by a cinematograph demonstration.]
Dr. E. STENGEL: The picture of the condition produced by high doses of insulin would be incomplete without a description of the disorders of speech associated with phases of altered consciousness during the hypoglycaemic state. The speech disorders associated with hypoglycaemia which I observed with Dr. Mayer-Gross at the Insulin Department of the Crichton Royal, Dumfries, can be divided into two groups. The one comprises disorders of speech before and after coma. The speech disorders during these phases do not differ materially from those associated with other states of clouded consciousness, such as delirium, epileptic twilight states and post-traumatic confusion. They can be observed best in those cases in which the clouding and clearing of consciousness take place gradually. We observed: (1) Echolalia. (2) Perseveration. (3) Paraphasias resulting from perseverations. Disturbance of word finding. In many cases the names of parts of the body disappeared last and returned first-the same words which are the first to appear in the normal development of sDeech. Echolalia is another feature which regularly occurs in the early speech development. The evolution of speech (H. Jackson, Sel. Writings) as consciousness returns therefore follows the same course as normal development. The appearance of those infantile features of speech goes parallel to the general behaviour of the patients who show extreme dependence and helplessness as consciousness returns.
The other group of phenomena comprises more primitive products of speech observed during the coma. Speech no longer serves as a means of "symbolic formulation and expression". However, the patients are not wordless, not noiseless. Speech, if there is any, is reduced to primitive emotional language such as swearing, singing. Even more primitive inarticulate ejaculations may take the form of shouting, howling, groaning and baby-like sounds, sometimes uttered rhythmically. In, the majority of cases those utterances coincided with clonic movements of the facial muscles and the upper extremities, which were usually more marked on the right than on the left side, and were of the same type as those observed in epilepsia partialis continua. Their epileptoid nature was proved by the fact that they often were the forerunners of a major epileptic fit. They differed from *other movements which obviously belonged to the extrapyramidal type of hyperkinesis. The primitive utterances and the clonic movements described were related, and appeared to be due to the same cerebral mechanism. Some of the cries produced by the patients in insulin coma and associated with clonic movements of the muscles of the face and the arms were similar to the well-known cry at the onset of a major epileptic fit; the generally accepted assumption that the epileptjc cry is of purely respiratory nature should be re-examined. Observations during insulin coma and in other artificially produced epileptic states give rise to the suspicion that it may be of central rather than of peripheral mechanical origin. The next stage in the process of retrogression towards primitive reactions is the one characterized by oral reflexes, which Dr. Mayer-Gross has shown in his films. In that phase of deepest coma there is no speech at all.
